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Abstract 
Exact nonparametric methods in statistical methods have an advantage over asymptotic methods, since they remain valid for very 
small sample sizes. It is often said that the coherence of an association between a treatment and outcomes is important in judging 
whether the association is causal. In this study we obtain exact distribution for multivariate Nonparametric Poset (partially order 
set) test statistic that was developed by Rosenbaum (1994). This test is applicable to detect a coherent association in 
observational studies. We designed an algorithm for calculating the exact distribution of the Poset test statistic which is feasible 
with respect to time and memory constraints on commonly available PCs. For establishing these algorithms, the enumeration 
method will be used and critical values for one side significance level )01.0,05.0(   DD  are computed. In addition to them 
the complexity of the algorithms will be discussed. Although, the computational algorithm is fast, the time for computation exact 
distribution can be prohibitive, depending on the number of sample sizes in two groups, the speed and memory of your computer. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Most nonparametric tests (prominently amongst them the linear rank tests) require reference to table of the exact 
sampling distribution for test hypothesis in small sample sizes. Using the asymptotic variant of a nonparametric test 
with small sample sizes usually yields an incorrect p-value; consequently, this may lead to a false acceptance or 
rejection of the null hypothesis [1]. Therefore, the exact inference remains valid in such situation and, it is a 
preferred approach. A multivariate rank sum test has been developed by Rosenbaum [2] for testing the null 
hypothesis of no treatment /exposure effect against arbitrarily complicated coherent alternatives. 
When the results of nonrandomized experiments or observational studies have to be interpreted the dilemma 
often arises whether the apparent difference between the groups to be compared can be causally attributed to the 
characteristic defining membership in the group or not. Any nonrandomized study is potentially subject biased that 
can distort the picture of results. However supporting evidence for the assertion that the observed difference might 
reflect a real treatment or exposure effect can be drawn from the presence of “coherence” in the pattern of results 
[3].Hill [4] introduced the criteria for inference in observational studies and coherence is discussed as one of the 
criterion for judging, whether association is causal . The multivariate Poset (partially order set) test can be used to 
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detect coherence of association in observational studies. Coherence means that we have a specific and detailed 
description of what a causal treatment or exposure effect would look like. A coherent pattern of associations is one 
that is, at each of many points, in harmony with existing knowledge of how the treatment should be have if it has an 
effect. Many focused hypotheses can be expressed in term of anticipated partial ordering of the response. Typically, 
there are several responses, for each subject. The focused hypothesis often expresses the thought that one pattern of 
response is closer to what is anticipated from treated subject and another pattern is closer to what is anticipated from 
a control. For example: we consider a observational study that concerns the consumption of wish contaminated with 
methyl mercury and its possible effect on chromosome aberrations [5]. There were two groups- a treated or exposed 
group of subjects who ate large quantities of contaminated fish. The investigators measured several outcomes, of 
which would be considered the level of mercury found in the blood, the percent of the cells exhibiting chromosome 
abnormalities and the percent of cu cell exhibiting a particular type of abnormality .what is a coherent association in 
this case? If eating contaminated fish is causing chromosome damage, then subjects who ate contaminated fish 
should have higher levels of mercury in the blood, more cu cells and more chromosome abnormalities. If we found 
some of these association but some in the opposite direction, then the association might be described as incoherent 
and we might doubt that the association is causal. The idea of coherence is that this argument may be turned around; 
that is, there is strengthened evidence of cause and effect if the study produces one of several highly specific 
outcomes anticipated by scientific theory. The multivariate Poset test can be used to detect coherence of association 
in observational studies.  The poset test provides a quantitative measure of evidence provided by coherence. 
However, the idea can equally be applied to randomized experiments offering the opportunity to look for coherent 
patterns of treatment effects in vector – valued outcome structures. In a randomized experiment the result of the 
poset can then be directly as reflecting the strength of evidence for discrepancy in the response patterns between the 
groups attributable to the treatment [2, 3]. The rest of the paper is organized as follows: in the next section we 
introduce test statistic so called Poset statistic and exact distribution for Poset statistic, section 3 consists usage of 
FORTRAN program and   tables for critical value .The final section gives additional discussion. 
2. Methodology: 
The following is an overview of the methodology involved. The Poset test is closely related to the Mann-Whitney, 
Wilcoxon test and Gehan’s test for censored data .The test is multivariate rank sum test and developed by 
Rosenbaum [6, 7]. 
Considering the typical structure of the two-sample layout: there are N units of observation, numbered i=1,..., N. 
The observations consist of K-dimensional vectors NiRy ki ,...,1,   , among which the first N1 (i.e.
1
,...,1 Nyy ) belong to group 1 and the remaining N2=N-N1 (i.e. NN yy ,...,11 ) to group 2. To formally express a 
coherent hypothesis, a relation "<c" is defined on RK. This relation "<c " has to be asymmetric in the sense that if a <c 
b then it is false that b <c a, no other formal assumptions on "<c" have to be made. Note that "<c" is fundamentally 
different from an ordinary inequality. In particular, it is possible that for kRba ,  none of the three conditions (a 
<c b, b <c a, a = b) is true. Thus, there are vectors that cannot be ordered using "<c" which defines only a partial 
ordering on RK [2, 3]. 
Now consider the random variables Uij, i,j =1,...,N, defined by: 
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Which can be viewed as indicator-like variables providing the information whether yi and yj can be ordered using 
"<c" and, if yes, in which direction. Note that Uii=0 by asymmetry and Uij=-Uji by definition .The test statistic is 
equivalently: 
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 For a fixed i the sum ¦
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defines a score value for yi that can be interpreted as a rank score indicating the 
position of yi among all observations according to "<c". More precisely, the value of Si gives the information how 
many observations have "lower" (according to "<c") values than yi minus the number of observations with "higher" 
values. For example, if Si=N-1 holds, all other observations have "lower" values than yi which attains its maximum 
possible rank score in this case. Note that from Si<N-1 it cannot directly be inferred that there are observations with 
"higher" values than yi as missing the maximum rank score can also reflect the inability of "<c" to order all 
observations [8]. 
Therefore, these rank scores can be used to test the null hypothesis of no treatment/exposure effect against a 
coherent alternative. Consider the Poset test statistic ¦
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 that sums up all rank scores in the first 
group. Under the null hypothesis P(yi<cyj) = P(yj<cyi) holds which yields E(T)=0 in this situation. The variance of T 
under H0 can also be derived using standard arguments from the theory of linear rank statistics as
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 The central limit theorem for rank statistics is applicable to T so that the standardized version of T is asymptotically 
normal. The Poset test has been proposed by Rosenbaum in 1991 and has been discussed further by the same author 
in [2] and [3]. The linear rank sum statistic is the most statistics in nonparametric inference .this statistic is defined 
as follows: 
¦
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Those ),...,( 1 Naaa   are positive integer valued scores assigned to n observations. The Poset test statistic defined 
at fallows: 
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Where si is the rank scores and is the same as ia ; therefore T is linear rank sum statistic .We were interested in the 
distribution of T under the hypothesis that all permutation of the scores S were equally likely .One of the famous 
methods for derivation of the exact distribution in rank sum statistics is the enumeration method. In this method, we 
first can generate all possible permutation (rearrangements) of the combined sequential of random variables in two 
groups. For unpaired two –sample Poset tests the permutations are really combinations ( 1NNC ) since, order within 
the random variable in each group doesn’t matter. Then we can compute test statistic for each permutation. 
Therefore the sampling distribution of the test statistic under the null hypothesis is computed by forming all of the 
permutations and calculating the test statistic for each and considering these values all equally likely. 
Software for derivation of the exact distribution was designed by language programming visual FORTRAN 98 
.With application of this software, the critical values where obtained for one side significance level 
)01.0,05.0(   DD  and tabulated in table1and 2. 
3. Usage of the FORTRAN Program 
Exactp.Exe software is designed for accounting exact distribution of poset test statistic. For easy usage, it is as an 
executable file that can be executed in Dos and windows environment. As poset test is used for comparison of two 
groups, the needed data for execution of this software is number of subjects in first and second groups. For output 
save, a file name must be entered as third entry. After execution of the software, first a window will appear and 
number of subjects in the first group will be asked. After entering the asked number and pressing the Enter key, the 
second question about number of subjects in the second question about number of subjects in the second group must 
be answered and then pressing the Enter again. In the third stage, the name of output file will be asked. The drive 
name and the path of file must be entered accompanying with file name. By pressing the Enter key the exact 
Distribution will be accounted and saved on output file will be asked. For example, in observational Study, if 
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Number of subjects in first group N1=5 and number of subjects in second group N2= 3 then the output results will be 
as follow: The output included the number of subjects in two groups as entry parameters, percentage of point 
001.0,01.0,05.0  if available and then table of probability distribution of test statistics which included .possible 
values of test statistic frequency and cumulative frequency as an appropriate table.  
Number of units in first group= 5 
 Number of units in second group= 3 
 
   The 0.025 percentage point= -15.000 
   The 0.05 percentage point= -13.000 
   Table of cumulative distribution of poset test statistic. 
-------------------------- 
     | T  |   | f  |   | F(t) | 
   -------------------------- 
   | -15|   |   1|   |0.0179| 
   | -13|   |   1|   |0.0357| 
   | -11|   |   2|   |0.0714| 
   |  -9 |   |   3|   |0.1250| 
   |  -7 |   |   4|   |0.1964| 
   |  -5 |   |   5|   |0.2857| 
   |  -3 |   |   6|   |0.3929| 
   |  -1 |   |   6|   |0.5000| 
   |   1 |   |   6|   |0.6071| 
   |   3 |   |   6|   |0.7143| 
   |   5 |   |   5|   |0.8036| 
   |   7 |   |   4|   |0.8750| 
   |   9 |   |   3|   |0.9286| 
   |  11|   |   2|   |0.9643| 
   |  13|   |   1|   |0.9821| 
   |  15|   |   1|   |1.0000| 
 
  Table 1 and 2 give the critical values for all N1 and N2 that little than 15. For each N1 and N2 the program should 
be run .The results appear in these tables. 
Table 1-Critical values for exact distribution of Poset test statistic ( 05.0 D  ) 
  N1     
N2 
3 4 5 6 7 8 9 10 11 12 13 14 15 
3 9 12 13 14 17 18 19 22 23 26 27 28 31 
4 12 14 16 18 20 22 24 26 28 30 32 34 36 
5 13 16 17 20 23 24 27 28 31 34 35 38 39 
6 14 18 20 22 26 28 30 32 34 38 40 42 44 
7 17 20 23 26 27 30 33 33 36 39 39 46 49 
8 18 22 24 27 28 34 36 40 42 44 48 50 54 
9 19 24 27 30 30 36 39 42 45 48 51 54 56 
10 22 26 28 32 33 40 42 46 48 52 56 58 60 
11 23 28 31 34 35 42 45 48 53 56 59 62 65 
12 26 30 34 36 38 44 48 52 56 60 64 66  
13 27 32 35 39 40 48 51 56 59 64 67 70  
14 28 34 38 42 46 50 54 58 62 66 70 74  
15 31 36 39 44 49 54 56 60 65     
 
Table 2-Critical values for exact distribution of  Poset test ( 01.0 D  ) 
 N1 
N2 
3 4 5 6 7 8 9 10 11 12 13 14 15 
3     21 24 25 28 31 32 35 38 39 
4   20 22 26 28 30 34 36 38 42 44 46 
5  20 23 26 29 32 35 38 41 44 47 50 53 
6  22 26 30 34 36 40 38 41 44 47 50 53 
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7 21 26 29 34 37 42 45 48 53 56 59 64 67 
8 24 28 32 36 42 46 50 54 58 62 64 68 72 
9 25 30 35 40 45 50 53 58 63 68 71 74 76 
10 28 34 38 44 48 54 58 62 66 72 76 80 82 
11 31 36 41 48 53 58 63 66 71 76 81 86 88 
12 32 38 44 50 56 62 68 72 76 82 86 92  
13 35 42 47 54 59 64 71 76 81 86 91 98  
14 38 44 50 58 64 68 74 80 86 92 98 102  
15 39 46 53 60 67 72 76 82 88     
4. Discussion: 
In this paper, we have introduced software for computation of exact distribution of Poset test statistic that is a 
multivariate rank sum test .The Poset test is applicable for coherent alternatives. This methodology has its special 
domain in the analysis of nonrandomized study.Exactp.exe which is easily executable in Dos and Windows 
environment is designed by visual FORTRAN language. Visual FORTRAN program is compatible with different 
windows with a suitable and attractive environment and all versions of Fortran Pascal and c languages will be able 
to execute in its environment. Exactp.exe software is able to account the exact distribution of poset test statistic 
accompanying with its percentage of point regarding the exact percentage of point of this test is necessary in small 
sample tests, so tables 1 and 2 which shows these critical values in 01.0&05.0   DD   is very useful .with 
execution of exactp.exe software, in the first the 001.0,01.0,05.0 of percept point will be accounted that is useable 
for test of one and two tailed hypothesis. Moreover, probability distribution tables of test exact statistic will be 
presented for accounting the p-value according to test statistic value by users. However, by increasing the sample 
size normal asymptotic distribution can be used instead of exact distribution. Although, the computational algorithm 
is fast, the time for computation exact distribution can be prohibitive, depending on the number of sample sizes in 
two groups, the speed and memory of your computer.     
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